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DescripHon 

FIELD OF THE INVENTION 

s [0001] This invention relates to ttiermoplastic elastomer compositions prepared using hydrostlylation crosslintdng 
of the elastomer component' of the composition. A thermoplastic eiaslDmer is generally defined as a polymer or blend 
of polymers that can be processed and recycled In the sanne wsy as a conwenlional thermoplastic material, yet has 
prqjerties and functional performance similar to that of vulcffliized rubber at serwce temperatures High performance 
thermopiasiic etastomers in which a highly vulcanized rubbery polymer is intimately dispelled in a thermoplastic matrix 

10 are generally known as thermopla^c vulcanizatesL 

BACKGROUND OF THE IfsfVENTION 

[0002] Polymer blends, which have a combination of bdh thermoplastic and elastic properties, are generally 
IS obtained by combining a thermoplastic resin with an elastomeric composition in a way such that the elastomer corrpo- 
nent Is intimately and uniformly dispersed as a disaete particulate phase within a continuous phase of the thermoplas- 
tic. Early work with vulcanized rubber components is found in U.S. Pat. Na 3,037,954 which discloses both static 
vulcanization of the rubber, as well as the technique of dynamic vulcanization wherein a vukanizable elastomer Is ds- 
psrsed into a molten re^nous thermoplastic polymer and the elastomer is cured while continuously mbdng and shear- 
so ing Ihe btend. The resulting composition is a n«cro-gel dispersion of cured elastomer in an uncured matrix of 
thermoplasfic polymer. 

[0003] In U.S. Pat. Mo. Re. 32,028 polymer tilends comprising an defin thermoplastic reski and an defm copolymer 
are described, wherein the rubber is dynanwcaly vulcanized to a state of partial cure. The resulting compositions are 
reprocessible. U,S. Pat. Nos. 4.130,534 and 4.130^535 further disclose thennoplastic vuicanizates comprising butyl 
25 rui^r and poiyolefin re^n, and olefBi rubber and polyolefin resin, respedively. The compositions are prepared 
dynamic vulcanization and the rubber component is cired to the extent that it is essentially insoluble in conventional 
solvents. A range of crossHnking, or curing, agents for the vulcanization of the mbber are deecrbed in the early art, 
including peroxides, sulfurs. phenoru; resins, radiation, and the tike. 

[0004] U.S. Pat. No. 4,803,244 genetaliy discusses ttie use of muKlltinctional organosiilcon compounds In conjunc- 
so tion with a catalyst as an agent for crossllnkkig the rubber confxment of a themwplastic elastonner by hydrosllylaHon. 
Hydrosllylation Involves the addition of a silicon hydride across a multiple bond, xOsm with a transition metal catalyst. 
This patent describes a rhodium catalyzed hydrosllylation of EPDM rubber in a Wend with polyptx^ene to produce 
thermoplastic elastomers having a gel oorrtent of up to 34% (after correction for flie plastic phase). This degree of vul- 
caniEaton was achieved only with a high level of catalyst. 
ss [0005] A further modification of hydrosllylation aosslinWng of the ruWier in a thermoplastic elastomer composition 
Is dlGclosed in European Patent AppHcatirais Nos. 0776,987-A2 and 651 ,009. A compafibilizing agent, containing in fie- 
same molecule a component having an affinity for the rubber and a component having an affinity for the thermoplastic 
resin, is Incorporated into the composition and is ssrid to iinprove adhesion between the rubber and resin in order to pre- 
vent agglomeratnn. 

40 

SUMMARY OF THE INVENTION 

[0006] The present invention is based on the discovery that the process for hydrosilylation crosslinking of the rubber 
in a ttiermoplastic vulcanizate (TPV) can be improved by either employing a hydrosilylation crosslinking agent of low 
45 degree of polymerization (i.e. up to 30) or diluting the hydrosilylation crosslinking agent in oil before adding it to the TPV 
or combinations thereof. This conijination provides rapid crosslinking of the elastomer to a fully vulcanized state, yet 
requires an unexpectedly low concentration of the hydrosilylation crosslinking agent and catalyst in order to achieve ihe 
cure, in the instant Invention no oompatlsilizer is required in order to produce compositbns with excellent mechanical 
properties. 

so [0007] In a further emtxxliment of the tnyention. addifives, which react with residual siHcon hydride functionality in 
the thermoptestfc elastoma', are incorporated into the process. This results in a composition which has further 
inproved long term heat aging characteristics. 

[0008] The compositions produced by the improved process have utility as r^iacements for thermoset rubber com- 
pounds in a variety of applications, particularly where molding or extrusion is involved and the combination of thermo- 
ss plastic and elastomeric properties provides an advantage. Typcal uses include molded articles for automobile 
underhood parts, mglneering and construction materials, mechanical rubber goods, industrial parts s& hose, tub- 
ing and gaskets, electrical applications and household goods. 
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BRIEF DESCRIPTION OF DRAWINGS 
[0009] 

5 Rgura lis a plot of the oil eweil value of a TPV versus the degree of polymerization of the silicone hydride, 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 0] Thermoplastic elastomer compositions may ger>erally be prepared by blending a thermoplaBlic resin and a 
10 rubber, then melting the thermoplastic component and mixing the melt until the blend is homogeneous. If a composifion 
of vulcanized rubber in a thermoplastic matrix is desired, crosslintdng agents {also referred to as curatives or vulcaniz- 
ing agents) are added to the blend and crosslinldng occurs during the mixing. This latter process is described as 
dynamic vulcanization. 

[0011] A wide range of thermqitestic resins and rubbers and/or that n^xtures have been used in the preparation 
16 of thermoplastic elastramws. including polypropylene, HOPE. LDPE. VLDPE. LLDPE, cyclic olefin homopolymers or 
copolymers as well as olefinic block copolymers, polystyrene, pc^henyiene suH ide. polyphervlene oxide and ethylene 
propylene ccpolymar (EP) as the thermoplastics, with ethylene propylene dene mbber (EPDM). acrytonitrie butadiene 
rubber (NBR), various isotxjtylene copolymers and/or natural rubber (NR) as the elsstomer. When the elastomer com- 
ponent is crosstinked, agente such as sulfur, percBcide, p^endics and ionic compounds are oflen used. 

20 



CD0t2] Hydrosilylation has dso been disclosed as a crosslinking method. In this method a silicon hydride having at 
least two SiH groups In the molecule is reacted with the caibon-cariaon muKiqple bonds of an unsaturated (i.e. containing 
25 at least two carbon-canx>n double bonds) rubber oonrponent of the thermoplasfic elastomer, in the presence of the 
thermofjiaslic resin and a hydrosilylation catalyst Silicon hydride compounds useful in the process of the invention 
include melhylhjttlrogen pclysiloxanes, methyltvdrogen dimethyl-siloxane copoJynneis. alkyi melhyl polysiloxaneB, 
t»6(dlmeihyisilyl)alkanes and bis{dimeBiylsilyObenzene. 
100131 Preferred silicon hydride oompounds may be desaibed by the fonmula 

K? 

. R 



35 *R — Si-0 -D„ D'„ — Tj- 



R" 

AO 

Where each R is independently selected from the group consisting of alkyls comprising 1 to 20 carbon atoms, 
cycloall<yls comprising 4 to 12 carbon atoms and aryls. In formula (1) it is preferred that each R be independently 
selected from a group consisting of alkyls comprising 1 to 12 cartxwi atoms. Even more preferred is R = methyl; R' rep- 
resents a hydrogen atom, an alltyl or alkoxy group having from 1 to about 24 carbon atoms; and R" represents R or a 
45 hycfa^en alom. D represents the group 
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m is an integer having a value ranging from 1 to 50, 
45 n is an Integer having a value ranging from 1 to 50, and 

p is an integer having a \aiue ranging from 0 to 6. For the purpose of this application the sum of m, n and p will be 
defined as the degree of polymerization. Preferred degrees of polymerization are up to 3D, more preferably from about 
2 to about 20 or SOssvi most preferably from about 2 or 3 to about 1 0 or 1 5 wherein each molecule on average contains 
at Irast 2 Si-H bonds. 

so [0O14] Particularly preferred polyorganosiloxanes are those in which the silicon atom of »ie silicon hydride function- 
. ality is Ixjund by heteroatoms/atoms having lone pairs of electrons. The preferred polyorganosiloxanes may also be 
substituted with appropriate functionality permitting solubility in the reaction media. A type of this functionalizatlon is 
described in US. Pat. Na 4.046,^ which teaches alkylation of pdyorgancsiloxBnes. Weight percent of alkylalion 
should not exceed a level that may retard or prevent the crosslinking reaction rates due to steric ocHistraints. 

55 [0015] It has been discovered that higher gel ctHitent in the rtAiber (^ase and better physical properties, such as 
low compression and tension set and low oil swell, can be achieved by cSlutlng the hydrosilylation crosslinking agent in 
an Inert mobile conponent such as oil prior to addition of it to the components of the thermoplastic vulcanizate. The oil 
is believed to increase the mobility and diffusion rate of the crosslinking agent In the rubber portion oit the thermoplastic 
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vulcanizate. Desirably, the hydrosilylation crosslinking agent is predikjted in oil so that it is from 20 to about 80 weight 
percent active, more desirably Irom about 25 to about 75. preferably trom about 40 to about 60, and more preferably 
from about 45 to about 55 weight percent active crosslinking s^ent with the remainder being substantially oil. As previ- 
ously set forth, the c»l increases the mobility of the hydrosilafiwi crosslinking agent (silicon hydride) in the rubber(s) so 
s that it is better dispersed arKlnforeeffecBtfe in generating crosslinks. 

IP016] It has also been discovered that lower molecular weight hydrosilylaHon crosslinking agents are more effi- 
dentty dispersed in the components of Vne TPV and their use residts in higher gel content and/or more efficient 
crossHnking of the rubber component. A popular hydrosilylalion crosslinking agent has been Dow Coming's DC 2-2822 
product having, 

10 
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structure where nnn Is defined as the degree of polymerization and equals about 42 on average and about 30 mole 
so percent of the m+n units are n units. The repeat units with an n subscript can be created by alkylating a repeat unit with 
a subscr^rt m. The n units make the crosslinking agent nwre soluble in hydrocarbon rubbers. It has been discovered 
that silicone hydride crosslinkers having a DP of 6 or 8 are more effective than higher DP silicone hydride crosslinkeis 
at equivalent Si-H concentrations. Desirably, the degree of polymerization of the crosslinking agent is ip to 30, more 
desirably from about 2 to about 20 or 30. and preferably from about 2 or 3 to about 10 or 15. 
26 [0017] The atTK>unt of Eifcon hydride compound us^irf In the process of the present invention can genera^^^ 
from about 0.1 Id about 10.0 mofe equivalents of SiH per caitxin-carbon double bond in the rvtbet, and preferably is in 
the range of about 0.5 to about 5.0 mote equivafents of SIH per carbon^arbQ^ double bond in the rubber component 
of the fliermoplasfic elastomer. 



[0018] Thermoplastic resins useful in the compositions produced by the invention include crystalline polyrtefin 
homopolymers and copolymers. They are desirably prepared from monoolef in monomers having 2 to 20 carbon atoms, 
such as ethylene, propylene, 1 -butene, 1 -pentene and the like, as well as copolymers derived from linear and cydic de- 

35 fins, with propylene being prefered. As used in the specif icalion and daims the term polypropylene includes homqjol- 
ymers and copolymerB of propylene as well as reactor copolymers of polypropylene which can contain about 1 to about 
20 wt% of ethylene or an -olefin comoncrniw of 4 to 20 cariaon atoms, and mixtures thereof. The polyprop^ene can be 
crystalline, isotactic or syndiotactic polypropylene. Commercially available polyolef ins may be used in the practice of the 
invention. Other thermoplastic resins which are substantially inert to the rubber, the silicon hydride and the hydrosllyla- 

40 tion catalyst would also be suitabi e. Blends of themnoplastic resins may also be used. 

[001 9] The amount of thermoplastic resin found to provide useful compositNais is generally from about S to ^xiut 
90 weight percent based on the weight of tfie n*ber and resin (total poiymei). Preferably, the thermcplaslic resin con- 
tent wil range f nxn about 20 to about 80 percent by w«ght of the total pdymer. 

45 Rutdiers 

[0020] Unsatu-ated rubbers useful to prepare thermoplaslic elastomers aocwding to «ie invention indude 
monoolefin copolymer rubbers comprising non-polar, rubbery copolymers of two or more monoolef ins (EPR rittee), 
preferably copdymerized with at least one polyene, usually a diene (EPDM rubber). EPDM is a pdymer of etl^lene. 

so propylene and one or more non-conjugated diene(s), and the monomer components may be polymerized using Ziegler- 
Natla or metallocene catalyzed reactions, among others. Typically an EPDM ritober has from about 0.5 to about 6 or 10 
weight percent of a diene (based on the weight of the polymer) and has a moiar ratio of repeat units from ethylene to 
propylene of from 25:75 to 75:25. Satisfactory non-oonjugated dienes indude 5-ethylidene-2-norbomene (ENB); 1,4- 
hexadiene (HD); 5-methylene-2-rK»rbornene (MNB); 1.6-ocladiene; 5-methyl-1,4-he>cadiene; 3,7-dimethyl-1,6-oct{Kli- 

ss ene; 1 ,3-cydopentacf ene; 1 ,4-cyclohexadiene; dicyclopentadiene (DCPD); 5-vinyl-2-nort3ornene (VNB) and the like, or 
a combination thereof. 

[0021 ] In one embodlnjent of the invention. It has been found that rubber having a structure in which the diene mon- 
omer has carbon-carbon multiple bonds which are predominately unencumbered, i.e. bonds whic^ are sternally unhin- 
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dered such as termmal or pendant double bonds, pronde a grestiy improved rate of cure in the hyctrosilylation curwig 
process of the invention, included in this embodiment are struct; ?3 in which the bonds eiflier normally are unencum- 
bered or are easily isomerized to form a sterically unencumbered -rouble bond, which Is then rapidly hydrosilylated, e.g. 
structures from 1,4-hexadiene or ENB. This improvement is particularly significant where a hilly cured ruti>er compo- 
s nent is desired. The use of rubber in which the diene component is selected from the group consisting of 5-ethylidene- 
2-nort«rnene, 5-methyl-1 ,4-hexadiene, 1,4.-hexadiene and 5-vinyl-2-nort>omene Is preferred. A structure from 5-vinyl- 
2-norbornene is par^cularly preferred as a diene component of such rubber. 

[0Q22] Butyl rutibers are also useful in the compositions of the invention. As used in the ^ectf ication and claims, 
the term "butyl rubber' includes copolymers of an isoolefin and a conjugated monooief in, terpolymers of an isooiefin, a 

ic corriugated monodefin and divinyl aromatic monomers, and the halogenated derivatives of such copolymers and ter- 
pol^iners. The ueefid butyl n±ii&r copolymers comprise a major portion of isoolefin and a minor amount, usually less 
than 30 wt%; of a corijugated muHioiehn. The preferred copolymers comprise about 85-99.5 w(% of a C4.7 isoolefin 
such as istibatylene and about 15-0.5 wt% of a muHiolefin of 4-1 4 carbon atoms, such as isoprane, butadiene, dimethyl 
butadiene. 4-methyl-1 .4-pentadi9ne and werylene. Commerdal butyl ruttoer. useiul in the invention, is a copolymer of 

IS isobutylene and minor amounts of isoprene. Othar butyl co- and terpolymer rubbers are illustrated by the description in 
U.S. Pat. No. 4,91 6, 1 80. Isobutylene/divinylbenzene is particularly preferred as an elastomer suitable for hydrosilylation 
crossllnking, as are tie halogenated derivatives of butyl rubber such as chlorobutyl and bromobutyl. 
[0023] Copolymer and terpolymers including isobutylene (an isoolefin) and aromatic divinyl monomers are particu- 
larly preferred as an elastomer suitable for hydrosilylation cnjsslinking due to the greater reactivity towaitis cnjsslinking 

20 of the residual carbon to carison double bonds from aromatic divinyl moiomers. 

[0024] A highly preferred subset Of butyl rubd9ei9 are fhosehanringcaibon to carbon double bonds with greater reac^ 
tivity tow^ds crossfinking reactions than is typically achieved with residual doible bonds derived fron conjugated 
dimes. Examples of these double bonds are the residual double bond h aromatic divinyl compounds such as (£vinyl- 
benzene monomers after copolymerization with isobutylene. 

2s [002S] The copolymer Of at least an isodefin and an aromatic di^rinylnrnnomer desirably comprises from about 80 
to about 99.8 weight percent repeating units from an isoolefin (e.g. isomonoolefin} of 4 to 7 cartion atoms, from about 
0 to about 19.8 weight percent repeating units from an alq^atic polyene (e.g. diaie) of 4 to 14 carbon atoms and from 
about 0.2 to about 5 weight percent repeating units from an aromatic civinyf compound other than said aliphatic polyeie 
ofthefonraila 

30 

Fonnula II 



R R R R 

« R-i=C-X-C = C- R 

. Mriiere the symbol X repreaents an aromatic nucleus and the symbols R which may be the same or different represent 
hydrogen atoms or alkyi groips of 1 to 5 carboi atoms. X, the aromatic nucleus, can be any aromatic group including 

4£ those represented by the benzene ting, tiie naphthalene rings, pyridne ring, and mono or poly alkyI substituted ver- 
sions thereof. The prefa-red isoolefin is isobutylene. the prefenred polyene is isoprene, and the preferred aromatic divi- 
nyl compound is divinylbenzene. U.S. Patent 3.584,080 is incorporated by reference for a more detailed desaipSon of 
the copolymer. Preferably the repeating units from tiie polyene is from about 0.1 to about 5 weight percent of the copol- 
ymer. Preferably the repeating units from aromatic dtvirryl compound is from about 0.2 to 4 weight percent (2000 to 

50 40,000 ppm) and more preferably from about 0.5 to about 3 w^s^rt percent (5000 to 30,000 ppm) of the copoiymer. It 
is noted ^at a large portion of the unsaturated repeat units from the aromatic divinyl compound are consumed in reac- 
tions during polymerization and are not avaiable as urtsaturated units (e.g. they are converted to saturated units) for 
hydro^lation crosslinking. 

[0026] A preferred butyl rubber thus comprises a copolymer of at least an isod^ and an arcxnatic divinyl oom- 
55 pound. The repeat units therein with residual unsaturation from an aromatic divinyl compound are desiraWy present 
from about 50 to atx}ut 5000 ppm (0.005 to about 0.5 wt%. based on the total amount of butyl rubber) and more desir- 
^ly from ^ut 200 to about 2500 ppm. The repeat units from an isoolefin desirably are from ^out 85 to 99.5 wl% and 
repeat units from a multiol^in (polyene) of 4-1 4 carbon atoms can be absent or present in an snount from aboul 0.5 to 
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about 1 5 wt% based on the total amount of repeat units in tlie butyl nri±er copolymer. A percentage of tfie repeat units 
from divinylbenzene may be present as repeat unhs without residual unsaturatlon. As tlie repeat units from aromatic 
divinyl cotrpounds (e.g. divinylbenzene] are very reactive to crosslinking, H is sometimes desirable to dilute the copol- 
ymers of isobutylene and Eiromafio divinyl connpounds witti more conventional butyl rubbers described in the previous 
paragraph. A commercial example of a copolymer of isobutylene and divinylbenzene is Polysar Butyl XL 10000 availa- 
ble from Bayer Corporation. Said Pofysar Butyl XL 1 0000 has a Mooney viscosity 1+8 @ 1 250C df 60-75 and about 20- 
30 wt% of the polymer is solubie in cydohexane. XL 1 0000 starts with about 2000 ppm unsaturated repeat units from 
divinylbenzene. Butyl rufcibers are also available from Bayer as XL 68102 having about 1500 ppm unsaturated repeat 
units from divinylbenzene and Mooney viscosity of 59-75 and as XL 30102 having about 600 ppm unsaturated repeat 
units from divlniibenzene and a Mooney viscosity from about 67-83. The products with designations XL 681 02 and XL 
301 02 are beii»^ to be trends of two dSferent butyl rubbers, one with repeat units fi-om divinylbenzene and one with- 
(HJt such repeat units (e.g. a butyl rubber of isobutylene and a conjugated dians). 
ID027] An urtsaturated repeat unit from an aromatic divinyl compound wilt desirefcly have the structure: 



— (CH-C)- 



PXI28] Where X and R are as previously defined. 

0)029] A dose examination of this repeat units reveals that ttie caitxai 10 carbon double bond has little sieric Wn- 
drance and mobility with respect to ttie potymer backbone which may fecililate Its reaction with hydrositation crosslink- 
ing agents. 

[0030] Another preferred ruljber Is an acrylic or alkacrylic group functionalized (modified by adding the functional 
group) copolymer of at le^ isobutylene and paramelhylstyrene. By the term acrylic or alkacrylic group, applicant 
means acrylic or altecrylic or combinations thereof. The term alkacrylic is intended to express that the acrylic can have 
an alkyi or alkenyl sutistituent thereon of 1 to 5 cartxKi atoms, |M-eferably methyl or ethyl. The functronalizatlon reaction 
involves halogenating the copolymer of isobutylene and paramethyl styrene as set forth in EP publication no. 0 344 021 
(preferably by la-omination) and then reacting the brominated polymer with RaRjCsCRiCOO tJI* such as illustrated 
t>etow. 
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+ RjR3C=CR,C0OM* 
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ss where and Rg are H or an alkyi of 1 to 5 carbon atoms and R3 is H, an alkyi or an ^kenyl of 1 to 5 carbon atom and 
M* a counlerion such as H*, Na+ .K"^, etc. The amount of acrylic or alkacrylic groups per poiymer chain can vary 
depending on the properties desired. Desiraialy, the number of moles of acryfic or alkacrylic or comkjinations thereof, if 
both are present, is from about 0.1 to about 5 mole %, more desirably from about 0.3 to about 1 .5 rrxjle % based on the 
total moles of r^eat units. 

30 [0O31] Desirably, the ccqsolymer of isobutyfene and paramethylstyrene comprises repeat units from at least isobuty- 
lene and peH-ameihylstyrene. OBier coprtymerizaWe monomers can be present in small amounts. The amount of 
repeating units from isobulyiene is desirably from about 80 lo about 99 weight percent, more dearably from about 89 
to about 98 weight percent and the amount of repeat laits from pa-ameflryblyrene is from about 1 to about 20 weight 
percent and more desirably from about 2 to akwut 1 1 weight percent 

3S [0032] VVhile a prefeired embodiment is using the acrylic or alkacryfic group, or combinatons thereof, liincSom^ 
ized copolymer of isobutylene and paramethylstyrene as the entire rubber component. It is possible to use a blend of 
said copolymer with the rubbers described herein. Desirably in a Uend of the ccpdymer with other rubbers the copoly- 
mer is a majority by weight of the total rubbers in the thermoplastic vulcanlzate. 

[0033] A further rubber suitable In the invention is natural rubber. The main constituent of natural rubber is frte linear 
40 polymer ds-1 ,4-polyisoprene. It is normally commercially availaUe in the form of smol<ed sheets and crepe. Syntliefic 
poiyisoprene can also be used, with the particularly preferred synlhelic polyrsoprene elastomers being those that con- 
tain vinyl function^ity pendant to the m^n polymer chain, i.e. 1 ,2-enchainnianls. 

[0034] PQlybuladiene is ^0 a suitable elastomer for hydrosilylalion cwing mth poiybutadienes that contain vinyl 
functionality being the most preferred. 
4s [0035] Blends of any of tiie above rubbers may also be ^loyKl, rather than a single oleflnic rutsber. 

[0036] In pr^aring the conpositions of the invention, the amount of aibber generally ranges ffom about 95 to about 
1 0 weight percent teased on the weight of the rubber and thermoplastic resin (total polymer}. Preferabfy, the mbber con- 
tent will be in the range of from about 80 to about 20 weight percent of ttibsA polymer. 



[0037] It has previously been understood that any catalyst or catalyst precursor capable of generating a catalyst in 
situ, which will catalyze the hydroslt^tion reaction with the carbon-cartwn bonds of the rubber can be used. Such cat- 
alysts have included transition metals of Group Vlll such as palladium, rhodium, platinum and the like, including com- 
ss plexes of these metals. Chloroplatinic acid he» been disclosed as a useful catalyst in U.S. Pat. Na 4,803.244 and 
European Application No. 651 ,009, u^ich further disclose that the catalyst may be used at conc»itratians of S to 10,000 
parte per million by weight and 1 00 to 200,000 parts p» million by weight based on the weight of rubber, respecfively. 
[0038] It has been found In the process of the present invention that signlflcanliy lower concentrations of platlnum- 
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containing catalyst can be used, white obtaining improvement in both the speeds of tlie reaction and the efficiency of 
the crosslinldng. Concentrations of catalyst in the range of about 0.01 or 0.1 to about 10, 20 or 40 parts per million by 
weight of rut^er, expressed as platinum metal are effective In rapidly and completely curing the rubber in the process 
of dynamically vulcanizing bt&vte of thermoplastic resin and rdtber. These low catalyst concentrations are particularly 
5 effective in combination with a diene-containing rubber having cartxjn-carfaon multple bonds which are predominately 
sterically unhindered. Catalyst concentrations of about 0.1 to about 4 or 25 parts per million by weight based on the 
weight of rubber, expressed as platinum metal, are particularly preferred. 

[0039] Platinum-containing catalysts, which are useful in the process of the invention, are described, for example, 
in U.S. Pat No. 4,578,497; U.S. Pat. No. 3,220,972; aid US. Patent No. 2,823,218 all of vrtiich are incorperated herein 

10 by this reference. These catalysts include chloroplatinic acid, chloroplatinic add hexahydrate, complexes of chloropla- 
tinic acid with symdivinylteb-amethyldisiloxane, dichlOTO-fciis(lrpheny^}hospfine) platinum (II), cis-dichloro-bis(ace- 
tonitriie) platinum (II), dicarbonykJichloroplatinum (II). platinum cHoride and platinum oxide. Zero valent platinum metal 
conplexes such as Karstedt's catalyst are particularly preferred, as described in U.S. Pat. No. 3,775.452; U.S. Pat No. 
3,81 4,730; and U.S. Pat. No. 4.288,345 all of which are incorporated herein by reference. 

IS [0040] In order for the catalyst to function most efficiently in the dynamic vulcanization environment, it is importent 
that it is inherently thermally stable, or that its activity is irrtiitated to prevent too rapid a reaction or catalyst decomposi- 
tion. Appropriate catalyst inhibitors that are suitable to stabilize the platinum catalyst at high temperatures include 
1 ,3,5,7-t^ravinyl-1 ,3,5,7^etramBthyteyclotelrasiloxane and Hs higher analogs audi as vinyl cydic pentamer. However, 
other olefins that are stable above 165° C are also useful. These include maleates, fumarates and the cydic pentomer. 

so It is also particularly pr^red in the iiwention to use a catalyst that remains soluble in the reaction medium. 

Additivas 

[0041 ] The thermc^ilastic elastomer may contain conventional additives, which can be introduced into the compo- 
ss sition in the thermoplastic resin, the rubber, or in the blend either before, during or after the hydrosilylation and curing. 
Examples of such additives are antioxidants, processing aids, reinforcing and nonreinforcing fillers, pigments, waxes, 
rubber processing oil, extender oils, antiblocking agents, antistatic agents, ultraviolet stabilizers, plasticizers (induding 
esters), foaming agents, flame retardants and other processing aicis kmwn to the njbber compounding art. Such addi- 
tives may comprise from about 0. 1 to about 300 percent by weight b^ed on the weight of the rubber and thermoplastic 
30 in the final thermoplastic elratomer product Fillers and extenders, which can be utHlzad, include conventional inorgan- 
ics such as calcium carbonate, clays, silica, talc, titanium dioimle^ carbon black and the like. Additives, filleis or other 
compounds, which may Interfere with the hydrosilylation, should be added after curing reaches the desired level. 

Extender Oil 

10042] The rubber proceeeing or extender oils used in thermoplastic elastomers generally are paraffinic, naph- 
thenic or aromatic oQs derived from petroleum fracHons. The type urill be that ordinarily used in conjunction with the spe- 
cific rubber or rubbers present in the composition, and the quantity may range from zero to sev^ hunckvd parts per 
hundred pans by weight rubber Important to the efficiency of the catalyst is that tiie oils and other addiUves contain no 

40 or very low oonoentrations of compounds that are catalyst inhibitors or that interfere with the activity of the catal^. 
These compounds include phosphines, am&ies, sulfides, thiols or other compounds that may be classified as Lewis 
bases. Lewis bases, or other compounds that have a pair of electrons available for donatitMi. will react with the platinum 
catalyst, effectively neutralizing its activity. It has been discovered that the presence of such compounds has a surpris- 
ingly detrimental impact on hydrosilylation curing in the process of dynamic vulcanization of the rubber oomponart of 

45 the ttiermoplastic elastomer compositions. If the oonoentration of compounds which have the chemical reactivity of 
Lewis bases, such as compounds containing sulfur or nitrogen, is maintained at or below a level which provides less 
than about 1 000 ppm and 300 ppm of sulfur and nitrogen respectively, fhei the amount of [^linum catalyst required to 
promote efHcient hydrosilylation curing in dynamic vulcanization can be substantially reduced, usually to flie range of 
about 4 ppm or less, without impact on the cure stale of the rubber or the tensile properties of the thermoplastic elas- 

so tomer product. Concentrations of sulfur arvt nitrogen below about 500 and 200 ppm respectively are more preferred, 
and concentrations of le^ than about 30 ppm sulfur and less than about 100 ppm nitrogen are most preferred. It has 
been discovered that, even at catalyst concentrations as hw as 0.25 ppm, lull cure of the elastomer can be achieved if 
the concentration of sulfur and nitrogen is within the most preferred ranges. 

[0043] Most paraffinic petroleum oils for the rubber indush7 are derived from a cmde oil distillation sh-eam. A typical 
ss refining history would include some type of dewaxing to reduce the pour point, a solvent extraction to physically remove 
aromatic compounds and a hydrotreating process to chemically modify aromatic structures. Both extraction and hydrot- 
reaUng result in a net increase in the total concentration of saturated hydrocarbon stoicfeires and a net decrease in the 
total aromatic, sulfur and nitrogen-containing compound concentration. The degree of reduction in concentration of 
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these compounds in the oil is dependent upon the type and severity of the refining employed, and the nature of the 
crude oil. White and paraffinic oils have been treated more extensively than aromatic and n^henic oils and would con- 
tain a smaller concentration of aromatic, sulfur and/or nitrogen conrpounds. It Is dHficulf to elucidate the exact chemical 
structure of these compounds due to their complexity. Ttie tendency of an oil to interfere with platinum catalyzed hydros- 
5 llyiaJion Is directly related to the concentration of sulfur and nitrogen oontanlng compounds, as weU as eoffpoimds 
which contain phosphorus, tin. arsenic, alun^num and iron. 

Processing 

1 0 10044] TTie rubber component of the themioplastic elastomsr Is generally present as small, i. e. micro-size, particles 
wiftin a continuous thermoplastic resin matrix, although a co-continuous nwrphology or a prfiase inversion is also pos- 
sible depending upon the amount of rubber relative to plastiG and the degree of cure of the rubber. The rubber is desir- 
ably at least partially crosslinked. and preferably is completely or fiily croesnnlfed. It Is preferred that the rubber be 
crosslinked by tt» process of dynamic vulcanization. As used in the spec^ication and claims, the term "dynamic vulcan- 

is ization" means a vulcanization or curing process for a rubber blended with a themioplastic resin, wtierein the rubber is 
vulcanized under conditions of shear at a temperature at which the mixture will flow. The rubber is thus simultaneous 
crosslinked and dispersed ^ fine particles within tiie thermoplasfic resin matrix, although as noted above olher mor- 
phologies may exist Dynamic vulcanization is effected by mixing the Itiermoplaslic elastomer components at elevated 
temperatures in conventional mixing equipment such as roll mils. Banbury rrtxers, Brabender mixers, continuous nix- 

20 ers. mixing extruders and the like. Tlie unique characteristic of dynamically cured compositions Is that, notwithstanding 
the tact that the rubber component is parti^Iy or firilly cured, the osmpositlons can be processed and reprocessed by 
conventional plastic processing techniques such as extnjsion, injection mokfng and compression molding. Scrap or 
flasNng can be salvaged and reprocessed. 

[0045] The temis "fuBy vulcanized" and fuyy cured' or "fully crosslinked" as used in the specTicalion and daims 

?5 means that the njt*er component to be vulcanized has been cured or crosslinked jo a stats in which the ela^meric 
properties of the crosslinked rubber are similar to those of the aitiier in its conventional vuk»nized state, apart from tie 
thermoplastic elastomer composition. Ttie degree of cure can.be described In terms of gel content, or conversely, 
extractsble components. Gel content reported as percent gel (based on the weight of crosslinkable rubber) is deter- 
mined by a procedure which comprises determining the amount of insoluble polymer by soaking the specimen for 48 

30 hours in organic solvent at room temperature, weighing the dried residue and maWng suitable con-eclions based upon 
knowledge of the compos&ion. Thus, con-ected initial and final weis^B are obtained by suUmcting from the initial weight 
the weight of soluble oomponente. other than rubber to be vulcanized, such as extender oils, plastlcizers and compo- 
nents of the composition sdiiile in organic solvent, as wdl as that rubber conpcnent of the produd which is not 
intended to be cured. Any insoluble potyolefins, pigments, filla-s, and the like are subtracted from both the initial and 

ss final weights. The rubber component can be described as fully cured when less than about S%, and prefer^y less than 
3%, Of the rubber which is capable of being cured by hydrosilylation is extractable from the thermoplastic elastomer 
product by a solvent for that mbber. Alternaiively the degree of cure may be expressed in terms of aosslink density. All 
of these descriptions are well known in the art, for example in U.S. Pat. Nos. 4.593,062. 5,100,947 and 5,157,081. all 
of which are fully incorporated lierein by this reference. 

40 [0046] The following general procedure was used in the preparation of thermoplastic elastomers (vulcanizates) by 
the process of the Invention, as set forth in tiie exunplas. The ttiernioplastic resin and oil amended mbber were placed 
in a heated internal mixer with ttie hycb-odlylafion agent and hydrosiiylation catalyst The hydroalytaHon agent sni cat- 
alyst cai be incorporated into the oompoaJion by any suitable technique, fbr ex^rpie by Nectkm as solutions in oil or 
as neat components, edthough a dilute hydrosilylation sdution in oil and a dHute catalyst solution a'e preferred. Addi- 

45. fives such as antioxidants, ultraviolet stabilizers and fillers may also be added as a sluny in oil. Mastoffaatches of the 
components may also be prepared to facilitate the blending process. The mixture was heated to a tenperature sufficient 
to melt the themioplastic component, and the mixture was masticated, with added pvocessing oil if desired, until a max- 
imum of mixing torque indicated tiiat vulcanization had occurred. Mixing was continued until the desired degree of vul- 
canization was achieved. 

so [0047] The order of addition of the hydrosilylation agent and hydrosil^ion catalyst was found to be inportant 
Maximum catalyst efficiency was obtained when the hydrosilylation agent was added first to the Wend, followed by the 
hydrosilylation catalyst The mechanical properties of the thermoplastic elastomer products, as well as the degree of 
cure, were improved wh^ this order of addition was followed. 

[0048] The invention will be better undefstood by reference to the following ecamples, which serve to Mlustrate but 
ss not limit the present process. In the atamples, tiie following teat mefliods were used to detenrt ne the properties of flie 
thermoplastic elastonwr protkjcts. 
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Haidness (Shore A/D) 






ASTM D 2240 


Ultimate lensile strength 


(UTS 


psi) 


as™ D 412 


Ultimale elongation (UE 


-%) 




as™ D 412 


Modulus at 100/300% e 


ohgatic 


n (M1 or MS-psi] 


AS™D412 


Tension set frS-%) 






ASTM D 412 


Oil swell (OS -%) 






ASTM D 471 


Heat aging 






ASTMD573 



[0049] The rubber component used in ihe compoGltians pr^red accoiding to the examples is furltier identified as 

follows. 



so 



Rubber "A" 


EPDM ■ 2.1% ENB; 52% ethylene 


Rubber "B" 


EPDM - 5% HD; 55% ethylene 


Rubber-F" 


EPDM - 3% VNB; 55% ethylene 


Rutoer "G" 


EPDM - 5.5% ENB; 60% ethylene 


Rubber "K" 


EPDM -1.1% VNB; 64%«thylene 


Ritiber'L" 


EPDM - 0.7% VNB: 62.6 % ethylene 


Rubber M 


Butyl XL 10,000 from Polysar 


Rubber N 


Butyl XL 30.102 from Polysar 


PolyproF^iene A 


Polypropylene MFI=0.7 


Pdypropylene B 


Homopolypropyiene MFI=20 


Extender Oil A 


Sunpar 1 50M from Sun Chemical 585 ppm sulfur, 1 64 ppm nitrogen 


Extender Oil B 


Sunpar LW 150M from Sun Chemicsd 19 ppm sulfur. 103 ppm nitrogen 


Extender Oil C 


White Oil D-200 from Lyonddl 1 .0 ppm sulfur, 1.0 p|»n relrogen 



40 

EXAMPLE 1 

f0050] Compositions were pr^ared by ttie method of the Invention as generally described atxwe, using polypropyl- 
ene resin and EPDM rubber containing various diene components. The plastic and rubber components were melt 

45 mixed in a Brabender mixer at 180C until the polypropylene was melted. Silicone hydride (alkylated methyl h^rogen 
polysiloxane) was added dropwise to the melt mix, followed by addition of an oil solution containing platinum Qslatinate 
(li) hexachloto, dih^rogen reaction product with 2.4.6,8-tetra6then^-2,4,6,8-t^melhyl cydotetrasiloxare]. The rub- 
ber was dynamically vulcanized by mixing the Wend untO ihe maximum torque was reached. The product was removed 
from the mom, then retumed to the mrxer and masticsted at 1 80C for an additional minute. Plaques were prepared by 

so compression molding the products of the dynamic vutcarrization at 2000 to a thickness of 60 mil and cooling under 
pressure, and the physical pnoperSes were deternrined using these plaques. All of the products were elastomeric, as 
defined by AS™ 01 5^6, i.e. all had tension set values of less than 50%. TTie compositions and their properties are set 
forth in Table I. 

[0051 ] Example 1 of U.S. Fat. fylo. 4,803,244 is set forth in comparison to sevoBl EPDM rubbers crosslinked with a 
55 platinum catalyst In this comparative ttcample, (Example l of U.S. 4,803,244) similar reein and rubber oomponents 
were dynamically vulcanized t>y hydrosllylation, but the equi\^ent of 35 ppm of rhodium metal was used as the catalyst 
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TABL£. 



COMPOSITION 


1 


Pat»ifEx.1 of US. 
4,803,244 




III 


IV 


Polypropylene A (parts) 


67 


50 


67 


41 


41 


EPDM Riijber "A" (parts) 


100 


100 


-- 






EPDM Rubber "B" (parts) 






100 






EPDM Rubber "F" (parts) 








100 




EPDM Rubber "Q" (parts) 










100 


Si~H A (phr) 


2.5 


6.7 


3 


2.2 


3 


Rhodium (ppm) 




35 








Platinum (ppm) 


15 




7.6 


4 


13 


Physical Properties 


Hardness (A/D) 


93/40 


88/26 


39 D 


69 A 


63 A 


UTS (psi) 


2500 


769 


2210 


1080 


905 


UE(%) 


405 


240 


330 


211 


406 


m 


1750 


305 


1510 


636 


408 


TS(%) 


22 


43 


24 






Gel (%) (corrected lor plastic piiase) 


95 


15 


92 


99 


90 


The composltiDns II 1 and IV also contained 1 30 phr paraffin oil, 42 phr day, 5 phr wax, 2 phr Zno 



[0052] It can be seen that the use of nnuch knver levels of platinum catalyst in the hydrosiylation crosslinking of 
Rubbers A, B, F and Q (EPDM rubbers contairwig 2.1% ENB, 5% HD, S% VNB, and &S% ENB) results in a marted 
increase in the level of crosslinking (as reflected by gel content) and improved tensile iM^erties in the thernnoplaslic 
elastomer, as compared to the use of rhodium as the catalyst. 

EXAMPLE 2 

[0053] In order to study the effect of extender oil, compositions were prepared as generally desaibed above using 
polyprc^ylene resin and EPDM rubber. Masterliatches of rubber were prepared containing three different extender oils 
with progressively lower aromatic fractione and lower sulfur arvl nitrogen concentrations. Ttie masterbatch composition 
was 1 00 parts rubber. 100 parts extender oil, 42 parts clay, 2 parts zinc oxide and 5 parts wax. The pc^ptpylene (41 
parte) was added to this masterbatch of riiiber "K' and mbefl in a Brabender mixer at 180° C unlil the pdypropytene 
was melted. Saicone hydride (3 phr) was added drqswise to the mix, followed by addition of an oil solution conl^ning 
platinum catelyst at various levels. The rubber was dynamically vulcanized by rmdng the blend until tmximum torque 
was reached. Additbnal processing oil (30 pans) was added after the cure. The product was removed from the mixer, 
then returned to the mixer and masticated at 180° C for an additional minute. Test specimens were prepared by cwn- 
pression molding the products at 200° C, ^d the oil swell properties w^e determined by the test mettiod of ASTM 
D471 , using IBM 903 oil at 125''C for 24 hours. The results, expressed as percent sweB (or weight gain) of the speci- 
men, are set forth in Table 1 1. 
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TABLE II 





Extender Oil A 


Extender Oil B 


Extender Oil C 


Pt Catalyst 


OS 


S:Pt 


N:Pt 


OS 


S:Pt 


N:Pt 


OS 


S:Pt 


N:Pt 


0.25 ppm 




14300 


8942 








119 


24 


55 


0.5 


285 


7150 


4471 


105' 


227 


2808 


92.3 


12 


23 


1.0 


222 


3575 


2236 


86.4 


114 


1404 


85,3 


6 


12 


1.9 


140 


1882 


1177 


85.8 


eo 


739 


85.6 


3.2 


6 


2A 


98 


1490 


932 


93.4 


48 


585 









'Average of two tesis 



[0054] The relative degree of swelling in oil is representative of the aosslink density of the vidcaniized rubber, i.e. 
higher crosslink density in the mbber results in lower oil swell values. The data in Table II dearly shows that materials 
prepared using extender oil which has low amounts of sulHnr and nitrogen, and where the mtda ratio of sulfur or nitrogen 
to the platinum in the catalyst is kw, results in a thermoplastic elastomer product which is much more eflecfively 
crossltnked by hydrosilyiation. This effect is seen even at extremely low concentrations of catalyst. 

EXAIU1PLE3 

[00S5] The folkiwingT^e III illustrates the benefit of predlluting the hydrosil)4ationcro68l^^^ 



TABLE III 



Effect of Diluting Hydrcjsilylation Crosslinking Agent 


Composition 


1 Cntrl 


2 Cntrl 


3 


4 


5 


6 


TPVmasterbatch(g)* 


290 


290 


290 


290 


290 


290 


Oil added with crosslinker phr 






1 


3 


3 


9 


Crosslinker phr 


3 


3 


3 


3 


3 


3 


Pt catalyst (ppm**) 


6.2 


6.6 


7.5 


6.2 


6.2 


6.9 


Oil added to mastertjatch phr 


30 


30 


29 . 


27 


27 


21 


Physical Properties 


Shore A 


55 


54 


54 


55 


54 


55 


TS% 


8.5 


8.5 


8.0 


6.0 


6.0 


7.0 


UTS (psi) 


805 


770 


680 


902 


800 


680 


M100(psi) 


325 


310 


320 


392 


350 


380 


M300(p^ 


669 


620 


620 


792 


720 




UE% 


444 


460 


360 


378 


360 


260 


OS% 


172 


161 


159 


123 


117 


119 


Qel% 


91.6 


89.3 


93.5 


97.6 


96.8 


96.0 



*C1 00 P8I1B of riibbei) »0b the TPV imBlertMtch la equivalent to lOOg of 
**|ipm of Pt cMlyst is me of Ptmeial/lQ df rubbo-. 



[0056} The TPV mastertiatch included measured by weight 100 parts EPDM, 41 parts polypropylene A, 1 00 parts 
oil , 42 parts clay, 2 pans ZnO, and 5 parts wax. A 53.4g portion of this mastedsatch was processed in a Brabender mixer 
using the recipes in l^le Ml. 
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[00571 The EPDM included ai»ut 3-3.5 wt % repeating units from ethylidene norljornene and about 0.25 wt % 
repeating units from vinylidene norbomene. 

[0058] The examples 1 - 6 illustrate that 5ini|:^e adcftion of concentrated hydrositylation crosslinker results In about 
90% gel while predilution in ol results in about 96% gel and desirable changes in other properties. Cooposilions where 
the hydrosiiyiation crosslinker was added in a 50% or 25% active solution in oil had higher gel contrait than a composi- 
tion where it was added as a 7S% active solution. 

EXAMPLE 4 

[0059] Table IV below gives the results of oscillating disc rheomster results on hydrosiiyiation crossllnking of a Wend 
of rutoer L and oO wfth hy*osilylating agents (sinoooe hydride) of cBfferent degrees of polymerization (DP). TTie rubber 
Is present as 1 00 parts by. weight and the oil is present at 1 00 parts by weight. The compositions include 2 phr silicon 
hydride and 0.75 ppm of platinum as catatyst from United Chemic^ Technology near Philadelphia ejqDressed as plati- 
num metal per total rubber. TTie results in this example are associated only with the rubber phase as a plastic phase is 
not present. Compositions prepared using the lower molecular weight silicone hydrides (DP6 and DPS) show more 
rapid cposslinking and higher crossiink densities as indicated by shorter TS 1 times and larger torque rises » compared 
to the higher molecular weight silicone hydrides (DP42 and DP54). The compositions for this exanple w«e prepared 
ly mixing the ruttoer and additives in a Brabender mixer at a temperature mA exceeding TO'C to prevent premature 
crossllnking. The oscillating disc rheomster was operated at 200°C. 



TABLE IV 



The effect of silicone hydride degree of polymerization on reaction kinetice and total 
torque rise. 


DP of silicone hydride 


TS1 (minutes) 


TS2 (minutes) 


Tbrque Rise (dN/M) 


6 


0.85 


3.27 


2:55 


8 


0.86 


3.53 


2.53 


42 


2.21 




1.79 


54 


3.18 




1.87 



EXAMPLE 5 

[0060] Thermoplastic vulcanizates were prepared from 100 parts EPDM rubber L. 41 parts of polypropylene. 100 
parts of oil, 42 parts of clay, and 0.75 ppm of platinum catalyst (expressed as parts by weight platinum metai per a mil- 
lion parts by weight of rubber) , wherein all parts are by weight. The amount of hydrosiiyiation crosslrnking agent was an 
amount that contained the same number of equivalents of silicon hydride bonds as the DP42 crosslinker present at 2 
parts by weight per 100 parts by weight rubber. These results in Table V indicate that the compcsitions resulting from 
the use of D PS and B silicon hydrides hm/e kiwer woght gain in the Oil Swell Test and also lower conpression set. Both 
oJ these tests indicate a genersdly l^her level of ciosslirMng with equivalent anounts of reactive S-H bonds from the 
DP6 and 8 silicon hydride materials as compared to that achieved with DP42 and 97 siicon hydride materials. The oil 
swell values versus degree of pofymerizaticMri of the silicon hydride are also shown in Figure 1 . 



TABLE V 



Degree of polym- 
erization of silicon 
hydride 


Shore A Hardness 


UTS(peO 


M100(psi) 


UE% 


Oil Swell Weight 
Gain% 


Compression Set 


6 


58 


792 


497 


188 


84 


17 


8 


61 


934 


465 


267 


98 




42 


60 


808 


448 


257 


106 


26 


97 


57 


700 


401 


343 


155 


37 
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EXAMPLE 6 



[0061] Thermoplastic vulcanizates were prepared from 100 parte of EPDM rubber L, 50 parts of polypropylene A, 
168 parts of oil, 42 parts of clay, and 0.9 ppm of platinum catalyst. The parts are parts tjy weight. The amount and type 

5 of hydrosilylation agent variej as shown in Table VI. 

[0062] While the physical properties (Shore A. M100. UE. UTS and TS did not vary much in Table VI. the oil swdl 
weight gain, ESR, and ACR improwed with lower degrees of polymerization (DP) in the hydrosilylation crossBnker. ESR 
is an extrusion surtace ratir^ test ASME D 46.1 where lower values indicate a smoother surfaca ACR is amHar to 
ASTM D 3835-96 and stands for automatic capillary rtieomatsr. A Icwar ACR value incfcatas that a Sorter time is 

10 required to extrude a specif iad amount of TPV through a specified orifice diameter. Lower ESR and ACR values for any 
formulafion are desirable. Historically, as one more tightly crosslinked the ruli^er phase of a TPV, the ESR and ACR 
properties worsened dramatically (values increased). As seen in Trtjie VI when the amount of DP8 or DP42 crosslinter 
is increased the ESR and ACR values worsen (increase). A conparison between compositions prepared with DPS 
crosslinl®rs and DP42 crosslinkers reveals that the oil swelt values are lower for compositions prepared from DPS 

15 crosslinkers. bower oil swell values in the DPS crosslinked samples indicate higher crosslink density in Uie rubber phase 
of the TPV. Consequently, one would expect higher ACR and ESR values in DPS crosslinked samples. Quite unexpect- 
edly this was not observed. In fact, the ACR and ESR values of the DPS (2 phr) crossltnkBd sartple were about 30% 
tower than those of the DP42 (2 phr} crosslinked sample even though the DPS crosslinkBd sample had lower oil swell 
Qitgher crosslink den^. 

so 



TABLE VI 





DP 42 2.0 phr 


DP 42 1.5 phr 


DP 42 1.0 phr 


DP 8 2.0 phr 


DP 8 1,5 phr 


DP 8 1.0 phr 


Shore A 


66 


69 


70 


67 


68 


70 


M100 (psi) 


346 


378 


354 


381 


345 


331 


UE% 


593 


505 


534 


540 


516 


561 


UTS (psi) 


782 


■ 741 


644 


835 


713 


649 


TS% 


13 


13 


15 


10.5 


13 


15 


Oil Swell% 


128 


134 


152 


111 


133 


138 


ESR 


88 


66 


53 


61 


39 


32 


ACR 


113 


105 


71 


90 


76 


59 



EXAMPLE? 

40 [0063] This exanple is a hit^ritoer content TPV (ionipristng in) parts EPDM rubber L with 5 vi^^ 

as the diene, 30 parts polypropylene A. 115 parts oil. 10 parts clay. 0.89 ppm of platinum in the form of a platinum cat- 
alyst and either 2, 2.5 or 3 phr of a DP^ or DPS hydrosilylatkm crossiinter. The physical properties reflect that the DPS 
hydrosilylation aosslinker is.more efficient on a weight basis than the DP42 material. The Shore A value is generally 
higher, the Ml 00 is higher, the UE is lower the tension set is the same or lower, and the compression set is lower. More 

45 dramatic improvements are seen in the ESR and ACR. The improvement in ESR indicates that more elastic compounds 
may be prepared using DPS crosslinkers without sacrificing surface smoothness. The improvement in ACR indtoalss 
that compositiCHis crosslinked with DPS escbxide faster wHh an equivalent amount of rubber. 



TABLE VII 





DP42 2 phr 


DPS 2 phr 


DPS 2.5 phr 


DPS 3 phr 


Shore A 


58 


60 


59 


58 


Ml 00 (psi) 


259 


280 


275 


277 


UE% 


462 


4^ 


398 


418 


UTS (psi) 


814 


814 


773 


839 



15 



HSDOCtD: <EP 1006150A1J_> 



EP1 006150A1 

TABLE VII (continued) 





UrH-i d pnr 


Uro d. pnr 


DPS 2.5 phr 


DPS 3 phr 


TS% 


10 


10 


10 


8.75 


CompSet% 


26.6 


23 


25 


25.2 


ESR 


113 


54 


67 


67 


ACR 


490 


3S2 


462 


457 



EXAMPLES 

[0064] Copolymers of isobutylene and divinylbenizene (Butyl Rubber M & N) were crosdlnkad Mvith a hydtosilation 
orosslinkinB having a degree of polymerizafion (DP) of 6 in Table VIIL A corftol (7) using a hydrosilation crossltnking 
agent erf DP 42 was included for comparison purposes. 

[0065] A comparison of compositions 8-11 to composition 7 illustrates that the DP 6 hydrosilation crosslinking 
agent of compositions 8-1 1 is much more effective than the DP-42 hydrosUation crosslinking agent of corrposifion 7. 
Further the amount of hydrosilation crossfiriking agent and hydrosilation catalyst was gradually reduced in conpositions 
9, 10 and 1 1 by a factor of two thirds and one half respectively. Composition 12 varied in physical properties because 
the relative amount of polypropylene was increased, resulting in a harder, less elastic composition. Composition 1 3 var- 
ied in physical properties due to the siAsBtulion of butyl rubber N for butyl rubber M. Butyl rubber M is Butyl XL 1 0.000 
rubber from Polysar and butyl rubber N is Butyl XL 30.1 02 rubber from Polysar. The catalyst is PC-085 from Dow-Corn- 
ing diluted to 1 weight percent active in paraffin oil. The potybutene oil is Parapol 450 from Exxon. 



TABLE VIII 



ORGANOSiyOXANE CURED BUTYL TPV 


Composition 


7 


8 


9 


ID 


11 


12 


13 


Butyl rubber M 


SO.OOg 


50.00 


50.25 


50.51 


50.76 


34.01 




Butyl rubber N 














50.25 


l^lypropylene B 


22.50 


22.50 


22.61 


22.73 


22.84 


30.61 


22.61 


Si-HDP=42 


1.50 














Si-HDP=6 




1.50 


1.01 


1.01 


0.51 


0.68 


1.01 


Catalyst 


1.00 


1.00 


1.01 


0.51 


0.51 


0.68 


1.01 


(Polyfautene) 09 


25.00 


25.00 


25.13 


25.25 


25.38 


34.01 


25.13 


Total 


100.00 


100.00 


100.00 


100.00 


100.00 


100.0 


100.00 


PHYSICAL PROPERTIES 


Hardness A, 5 sec 


67 


74 


74 


73 


68 


87 


74 


UE% 


271 


322 


252 


327 


313 


249 


283 


LITS.psi 


SI 9 


1099 


887 


1026 


668 


1172 


496 


M-100, psi 


342 


484 


486 


451 


358 


830 


415 


Tear Strength, pli 


100 


133 


116 


112 


103 


184 


129 


Tension Set,% 


20 


13 


13 


15 


15 


25 


36 


Comp. Set. 22 hrs, 70C 


39 


27 


28 


29 


32 


43 


70 



[0066] While the best mode and prerf«red embodiment of the Invention have been set forth in accord with the Pat- 
ent Statutes, the scope of the Invention is not limited thereto, but rather is defined by the attached claims. 
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Claims 
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1 . A process for forming a thermoplastic vulcanizate comprising, 

5 a) blending a tliemioplastic resin and a nit:ber in tiie molten stale to form a tilend thereof, 

b) adding a hydrosilylation erosslinldng agent diluted in oil to said thermoplastic resin, said rutiber, or blends 
thereof, 

c) adding a hydrosilylation catalyst to said thermoplastic re^n, said rubber or blends thereof, 
cO crossiinking said rubber with said hydrosilylation erosslinldng agent in said faiand. 

10 

2. A process according to daim 1 , whwein said hydrosilyiaticn erosslinldng agent is added in the term of an about 20 
to about 80 wL % blend of hydiosilylation crossiinking agent in an ool. 

3. A process according to dann 2. wherein said rutiber comprises ah EPDM copolymer including repeating units from 
is 5-v!nyl-2-norbornene. 

4. A process according to daim 2, wherein said hydrosilylation erosslinldng agent is added in the form of an about 40 
to about 60 weight percent hydrosilylation crossiinking agent in an oil solution. 

20 5. A process according to claim 2, wherein said hydroeilalioncrosslinlgng agent has a degree of polymerization from 
about 2 to about 20. 

6. A thermoplastic vulcEDiizate comprising, 

2S a) a thermoplastic resin blended with a crosslinked rubber, 

b) optionally fniers. extender qils, and ptasticizeis^ 

c) wherein said crossEnksd mbber comprises crosslinKs whk:h are the reaction protect of a hydrosilylation 
crossiinking agent having a degree of pdynerizatjon of to 20 reacted with residual unsaturated caitMjn to 
cartxMi double bonds in said ridaber in the presence of a ItydroEilylation catalyst. 

30 

7. A thernnplastic vulcanizate according to darni 6, wherein said rubber comprises an EPDM rubber. 

8. A thermoplastic vuteanizate according to daim 6. wherein said hydrosilylatkm crossiinking agent has a degree of 
polymerization from about 3 to about 15. 

35 

9. A thermoplastic vulcanizate according to daim 6, wherein said rubber has residual cartxMi to eaibon double tsonds 
which are sterically unhindered. 

10. A thermoplastic vulcanizate according to daim 6, wherein ssud niiber t»mprises a copolymer containing at least 
40 repeating units from isobutyiene and an aromaik; diving compound. 

1 1 . A thernnoplastic vukaniizats according to d^m 6. wherein said mbber comprises an acrylic or alkacrylic function- 
alized copolymer from copoiymerizino isobutylene and para-methylstyrene. 

45 12. A process for dynamically vuteanizing a rubber via hydrosilylaticn cros^inking in the presence of a thermoptaslic 
phase, said F»txess comprising, 

a) mixing a molten thermoplastic resin and a riAiber, 

b) adding to said molten thermoplastic, said rubber, or ooirMnations thereof, a hyd^lylafion crossiinking 
so agent and a hydrosilylation catalyst, wheran said hydrosilylation crossiinking agent has a de^ee of polymeri- 
zation up to about 20, and 

c) aosslirMng said rubber with said hydrosilylation crossiinking ^nt 

13. A process according to daim 12, wherein said rubber oomrxrises EPDM mbber. 

55 

14. A process according to claim 12, wherein said rutiber has residual carbon to cartwn double bond which are steri- 
cally unhindered. 
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15. A process according to claim 12. wherein said rubber comprises a oopolymer fiom potymerizkig at least isobuty- 
lene and sen aromatic diwnyl compound or a oopolymer from polymerizing isobutylene and pata-methylstyrene 
wriiich has been funcfionalized with a pendant acrylic and/or alltacrylc group. 



16. A process according to claim 12. wherein said hydrosilylation crosslinker has a degree of polymerizalion from 
about 3 10 about 15. . 



17. A process according to daim 12, wherem said hiydrosilyfation crassllnker has the formula 




vrfierein each R is independently an all<yi of 1 to 20 carbon atoms, a cydoalky! of 4 to 1 2 carbon atoms or aryl. each 
R' is independently H or an alkyi or alkoxy group of 1 to 24 carbon atoms, each R" is indepoidently a H or an alicyl 
of 1 to 20 carbon atoms, a cycloalkyi of 4 to 12 carbon atoms or an aryl, m is an integer, n is an integer, p is an 
integer from 0 to 6 and the sum of m and n is an integer from 2 to 20. 



18. A process according to claim 17, wherein p is 0. 



EPIOOeiSOAl 



Oil Swell Weight Gain, % 



ay 



T3 
O 
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